A number of recent studies have proposed that various languages in western Indonesia do not show evidence of wordlevel stress, and they only exhibit evidence for sentence-level prominence [1, 2] . This study examines the acoustic realization of prosodic prominence within different domains in Besemah, a little-described Malayic language of southwest Sumatra, Indonesia.
Introduction
There has been much disagreement over the status of word-level stress in the languages of western Indonesia, particularly in regards to well-known varieties of Malay, such as Standard Indonesian [3] . Word-level stress has been claimed to fall predictably on the penultimate syllable unless it contains a schwa in which case it falls on the ultima [4] . However, since the late 1990s, an increasing number of studies have questioned this position for Standard Indonesian [5] , and more recent studies have pointed out the complications associated with studies of Standard Indonesian due to significant influence from substrate languages like Javanese [1] .
At the same time, there has been an increasing number of studies of prosodic prominence in other languages of western Indonesia that do not have the same complications associated with substrate influences. These studies also question the presence of word-level stress and propose that prosodic prominence is a property of the sentence and not the word. For example, based on a production experiment, Betawi Malay has been shown to lack any evidence for word-level stress, and pitch accents do not predictably anchor to a given syllable within a word [6] . Furthermore, again based on production experiments, Ambon Malay has been shown to lack any evidence for wordlevel stress, prosodically-marked focus, or pitch accents [2] .
It remains an open question how widespread these features of prosodic prominence are in the languages of western Indonesia.
Word stress in Besemah
Besemah /b@s@mah/ is an under-described Malayic language spoken in the highlands of southwest Sumatra by approximately 400,000 people [7] . It is considered a 'vernacular Malay' meaning it is primarily spoken as a first language and was regularly inherited from Proto-Malayic. This status distinguishes it from Standard Indonesian, which is primarily spoken as a second language, and Ambon Malay, which is a 'Pidgin-derived Malay' that was not regularly inherited from Proto-Malayic [8] .
Like many of the languages of western Indonesia, Besemah has received little attention since the Dutch colonial period [9] . The only study of Besemah prosody tentatively concluded that word-level stress in Besemah falls on the final syllable of the word and is cued by increased intensity [10] . However, there are several complications to this analysis, and word-level stress appears to be affected by the presence of final L boundary tones.
The present study is designed to tease apart different factors relating to prosodic prominence in Besemah. It does so by investigating the realization of common acoustic correlates of stress (f0, duration, intensity, and spectral tilt) within target words that vary in their sentence position (sentence-medial vs. sentence-final position) and information status ('in focus' vs. 'out of focus').
Methods

Design
The experiment was designed to elicit target words that vary along two dimensions, sentence position and information status. This part of the design is similar to the study of Betawi Malay [6] .
Target words were collected using an information gap task. This task involved two talkers: a confederate who asked questions and a naïve participant who answered them. They sat facing each other, each able to see only their own laptop screen. Both the confederate and participant could see a question on the top of the screen that the confederate was to ask, but only the participant's screen displayed the answer. The confederate also had a sheet of paper with all possible answers. The task was for the confederate to ask the question and the participant to provide an answer in a complete sentence modeled upon the question. The confederate then circled the answer on the paper. One female native speaker of Besemah acted as the confederate for all participants.
Materials
Question-answer pairs were constructed which varied in information status (target word 'in focus' or 'out of focus') and sentence position (target word sentence-medial or sentence-final). The type and structure of the question depended upon the combination of its sentence position and information status. Ques9th International Conference on Speech Prosody 2018 13-16 June 2018, Poznań, Poland 'On the right side is milk.' medial Q: Kate ape sebelah kanan?
'What word is on the right side?' A: Kate susu sebelah kanan.
'The word milk is on the right side.' tion type differed based upon whether the target word was 'in focus' or 'out of focus'. 1 The sentence position simply altered the shape of the question so that the target word would occur in sentence-medial or sentence-final position. Table 1 presents example question-answer pairs for the 'in focus' condition. In this table the target word susu 'milk' is used as an example and displayed in boldface.
For stimuli that seek to collect target words that are 'out of focus', the confederate asked a different set of questions. Examples are shown in Table 2 . Unlike the 'in focus' condition, the same target word was mentioned four times in immediately preceding turns. This mentioning of the target word served to keep the word as discourse-given and thus 'out of focus'. Further, each time the word appeared for the first time in a block it was introduced by asking the question Titu kate ape? 'What word is this?'. The target word in this question is 'in focus' in this utterance and not considered in the analysis. However, this allowed the confederate to ask questions about the target word without it being 'in focus'. Thus, the subsequent repetitions of the target word ask where the target word appears on the screen, the top, bottom, left or right side. In these four questions, the target word is 'out of focus' while the word describing its position is 'in focus'. Table 2 presents example question-answer pairs for the 'out of focus' condition. Table 2 : Example question-answer pairs for 'out of focus' condition.
Position
Question/Answer final Q: Sebelah mane kate susu? 'Which side is the word milk on?' A: Sebelah bawah kate susu.
'On the left side is the word milk.' medial Q: Kate susu sebelah mane?
'The word milk is on which side?' A: Kate susu sebelah kidau.
'The word milk is on the left side.'
The twelve target words are shown in Table 3 . Syllables in Besemah are maximally CVC with some restrictions on the coda consonants and words are most commonly bisyllabic. The words feature all four phonotactically legal combinations of light (CV) and heavy (CVC) syllables. Each of the four vowels /i, u, a, @/ was present and matched in both syllables to allow for easier intra-word comparisons. Phonotactically, the high vowels /i, u/ show no restrictions, but /a/ does not occur word-finally and /@/ does not occur in final closed syllables.
Procedure
There were four experimental blocks that combined the possible combinations of information status and sentence position:
• Block A: sentence-medial, 'in focus'
• Block B: sentence-final, 'in focus'
• Block C: sentence-medial, 'out of focus'
• Block D: sentence-final, 'in focus' All recordings were made on a Marantz PMD-670 solid state recorder with a sampling frequency of 48kHz and stored as wav files. The participant was recorded on the left channel with a Shure WH-30 headset microphone while the confederate was recorded on the right channel with a Shure SM10A headset microphone.
Because Besemah does not have a standard orthography, participants were first asked to read example sentences with each of the 12 target words in context. This ensures that the speakers knew how to read each of the target words and understood their meanings. Participants were then introduced to the information gap task and asked to practice each of the four blocks with eight filler words for each condition. Participants then began the task, which took 20 to 30 minutes.
Each target word was repeated four times for each of the four blocks (12 words × 4 repetitions × 4 blocks = 192 tokens). The presentation of these words was randomized and the presentation of each block was also randomized.
Participants
The experiment was conducted by the first author over several days in March 2015 in the Besemah village of Karang Tanding. The experiment was conducted entirely in Besemah with no interlanguage. The six female participants in this study are native 
Acoustic analysis
For each vowel of each target word, measures of f0, duration, intensity, and spectral tilt were taken. The f0 was measured at 7 equally-spaced timepoints throughout the vowel, that is, at 12.5%, 25%, 37.5%, 50%, 62.5%, 75%, and 87.5%. Intensity was estimated as dB averaged over the entire vowel. Two measures of spectral tilt were estimated: the difference in amplitude between the first and second harmonics (H1 − H2); and the difference in mean amplitude between the 0-4 kHz and the 4-8 kHz bins of the vowel spectrum ('spectral balance'). For analysis, the f0 measures at the seven timepoints were fit to a cubic polynomial. Each word's four coefficients (intercept, linear term, quadratic term, cubic term) were the f0 data used in the modeling reported here.
To avoid collinearities among the acoustic variables, and to simplify the subsequent analyses, the eight acoustic variables (duration, H1 − H2, spectral balance, intensity, and the four f0 polynomial coefficients) were subjected to factor analysis to reduce the dimensionality of the data. The variables were zscored prior to being entered into the model. The first three factors had eigenvalues greater than 1 and thus were selected. The factor loadings for the three factors are shown in Table 4 .
As can be seen, the first factor is loaded most heavily on f0 trajectory curvature, with a smaller contribution of duration. The second factor is largely H1 − H2, with duration, intensity, and f0 intercept as secondary features. The third factor is not dominated by a single variable but is composed of intensity, spectral balance, and the higher-order f0 terms.
Statistical analysis
Simple feed-forward neural networks with a single hidden layer were trained to predict the binary factors of sentence position, syllable position in word, and information status. The input to each neural network was the three factor scores output from the factor analysis, sentence position, syllable position, and information status. Figure 1 depicts an example neural network. Models were trained with 1,000 iterations of Monte Carlo cross- This procedure was repeated with varying numbers of hidden nodes per model from 1 through 23. Thus, a total of 69,000 (1,000 iterations × 23 hidden node sizes × 3 dependent variables) networks were created and evaluated. The R package nnet [13] was used for all modeling.
Results
Figure 2 depicts mean neural network classification accuracy as a function of number of hidden nodes. The horizontal lines depict the limits of chance performance (p < .05) for the test data set. There is a clear distinction between predictive ability for the three dependent variables. Syllable position was predicted with just under 80% accuracy, sentence position with just over 70% accuracy, and focus accuracy wavered around 55% at chance level. For sentence position and focus, there was no clear effect of the number of hidden units; for syllable position, accuracy rose steeply from 1 to 2 hidden units, remained steady up to 5 hidden units, and then gently fell as the number of hidden units increased.
These results suggest that syllable position can be reliably predicted via the input variables. Indeed, the raw acoustic data suggest that there are reliable correlates of syllable position. Figures 3 and 4 depict vowel duration and midpoint f0, respectively, for word-initial and word-final syllables. Final syllables are reliably longer in duration than initial syllables, and they are consistently higher in f0 for all but one participant.
Discussion and conclusion
In this study, an experiment was carried out to examine aspects of prosodic prominence in Besemah. Six native speakers participated in an information gap task to elicit spontaneous productions of bisyllabic target words that varied in sentence position (medial and final) and information status ('in focus' and 'out of focus'). Acoustic measures on the vowels of both syllables (initial and final) were taken. Ensembles of neural networks succeeded at using the acoustic features to predict syllable position (initial or final) and word position in the sentence (medial or final). The syllable position finding suggests that, at least for the bisyllabic words included in this study, Besemah features a predictable stress system whereby the final syllable is reliably more prominent than the first. Similarly, words in sentence-final position in Besemah appear to undergo phrase-final lengthening, purportedly a universal across languages [14] .
In contrast, focus was not reliably predicted beyond chance levels by the neural networks. This finding suggests that either Besemah does not mark focus with prosodic means (to the ex- tent that the current experiment was able to capture the relevant dimensions of interest), or that there is variability in how the individual participants implemented prosodic focus. Both possibilities are attested in the literature-e.g. see K'iche' [15] for the first and Southern British English for the second [16] . We leave this question for further research.
The results of this study that concern information status and sentence position fall in line with the analysis of other Malayic languages [6, 2] . That is, information status is not predictably marked prosodically, but final boundaries are prosodically marked. The results of this study that concern word level stress provide further support for previous findings on Besemah [10] . That is, Besemah has word-level stress that falls on the final syllable of the word. This finding is indeed surprising given the results of studies in other Malayic languages that find no evidence for word-level stress (e.g., Betawi Malay [6] and Ambon Malay [2] ). This suggests that Malayic languages may in fact differ in whether they possess word-level stress or not.
